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LAKE MAHEGA: A MESOTHERMIC, SULPHATO-CHLORIDE
LAKE IN WESTERN UGANDA
JOHN M. MELACK and PETER KILHAM
ABSTRACT
In May. 1971, Lake Mahega had pronounced mesothermy (40.W C at
one metre). Solar heating of a bloom of baeteria and the blue-green alga,
SylJec!Jococcus bacillaris Butch., probably caused the high temperature. A
total ionic concentration gradient increasing from 192,600 mg'1itre- 1 at
the surface to 415,200 mg·litre- 1 at three metres stabilized the thermally
inverted water. Nearly equal amounts of chloride and sulphate accounted
for about 90% of the anionic composition. Sodium ""as the major cation.
Crys'tals or the tri'ple salt, northupite (Na,p03' MgCO:\' NaCl) and of
thenardite (Na~S01) were mixed with the surface sediment. We believe it
is possible that primary northupite depnsition is occurring. Lake Mahega
is also the first mesothermic, sulphato-ehloride l3Jke reported for East Africa.
Present address:
John Melaek. Zoology fkpurtmelll, Duke University, Durlwm, Nurth
Carolina 27706, U.S.A.
Peter Ki/ham, Dl'pClrtmel/l of Zoology, The University of Michigall, Ann
Arbor, Michiga/l 48104. U.S.A .
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INTRODUCTION
Lake Mahega (0' 0 I' S, 29' 58' E) is an
extremely saline crater lake Im.:ated in the
western Rift Valley. Uganda (Fig. I). The
small lake is 0.16 km' in area and lies at
an altitude of 925 metres above sea level
(UGANDA GOVERNMENT 1965). The
crater rim is between 120 and 215 metres
above the lake, and a dry forest (LOCK
1967) covers the inner slopes. In May, 1971.
the maximum depth of water was 4.1 metres.
Each year localized storms bring between
60 and 90 centimetres of rain, usually dur-
ing the months of March through May,
and September through. November (LOCK
1967). HOLMES and HARWOOD (1932),
DOORNKAMP (1970), and BISHOP (1970)
have described the regional geology. The
only previous description of Lake Mahega
was a chemical analysis of the water (ARAD
and MORTON 1969).
METHODS
We sounded the basin with a weighted
line and collected water samples with a two-
litre Van Darn bottle, and mud samples
with an Ekman dredge. Temperature was
measured to an accuracy of ±O.l (l C on
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O x y g e n , h y d r o g e n s u l p h i d e , p H a n d t u r -
b i d i t y w e r e m e a s u r e d i n t h e f i e l d w i t h a H a c h
M o d e l D R - E L P o r t a b l e W a t e r E n g i n e e r s
L a b o r a t o r y ( A N O N ) . O x y g e n w a s u n d e r -
e s t i m a t e d o w i n g t o t h e s e v e r e e f f e r v e s c e n c e
d u r i n g a e i d i f i c a t i o n ( W A L K E R e l a l . 1 9 7 0 ) .
C o n d u c t i v i t y , s o d i u m , p o t a s s i u m , c a l c i u m ,
m a g n e s i u m , s u l f a t e , c h l o r i d e , a l k a l i n i t y , s i l i -
c o n a n d f l u o r i d e w e r e m e a s u r e d t h r e e m o n t h s
a f t e r c o l l e c t i o n a t D u k e U n i v e r s i t y . W a t e r
s a m p l e s w e r e c o l l e c t e d a n d s t o r e d i n p o l y -
e t h y l e n e b o t t l e s . S o d i u m , p o t a s s i u m , c a l c i u m ,
m a g n e s i u m a n d s i l i c o n w e r e d e t e n n i n e d
b y a t o m i c a b s o r p t i o n s p e c t r o p h o t o m e t r y
u s i n g a P e r k i n - E l m e r 3 0 3 s p e c t r o p h o t o m e t e r
( m e t h o d s d e s c r i b e d i n P E R K I N - E L M E R
1 9 6 4 ) . S o d i u m , p o t a s s i u m , c a l c i u m a n d m a g -
n e s i u m w e r e a n a l y s e d i n a n a i r - a c e t y l e n e
f l a m e ; s i l i c o n a n d s o m e t i m e s c a l c i u m w e r e
d o n e i n a n i t r o u s o x i d e - a c e t y l e n e f l a m e t o
p r e c l u d e t h e f o r m a t i o n o f r e f r a c t o r y c o m -
p o u n d s ( S L A Y I N 1 9 6 8 ) . W h e n n e c e s s a r y ,
c a l c i u m a n d m a g n e s i u m w e r e d e t e r m i n e d b y
E D T A t i t r a t i o n ( A M E R I C A N P U B L I C
H E A L T H A S S O C I A n O N 1 9 6 5 ) . A C o t l o v e
C h l o r i d o m e t e r ( L a b o r a t o r y G l a s s a n d I n s t r u -
m e n t s C o . ) w h i c h e m p l o y s a s i l v e r i o n t i t r a -
t i o n w a s u s e d f o r d e t e r m i n i n g c h l o r i d e .
T o t a l a l k a l i n i t y w a s d e t e r m i n e d b y t i t r a t i o n
t o t h e b r o m o c r e s o l g r e e n - m e t h y l r e d e n d -
p o i n t ( A M E R I C A N P U B L I C H E A L T H
A S S O C I A n O N 1 9 6 5 ) . S u l f a t e w a s d e t e r -
m i n e d u s i n g a n i o n e x c h a n g e m e t h o d
( M A C K E R E T H 1 9 6 3 ) . F l u o r i d e c o n c e n t r a -
t i o n s w e r e e s t i m a t e d e l e c t r o m e t r i c a l l y b y a n
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Orion Specific Ion Meter with the appro-
priate electrodes. Conductivity was measured
on a Philips PR9501 meter. The water ana-
lyses were within 6'10 of chemical balance.
The mjneral crystals were powdered and
then examined in a Noreleo X-ray diffracto-
meter using Cu-Ka radiation. Only large
(>2 mm) single crystals were studied. These
megascopic crystals were found on the bot-
tom of the lake in a mud matrix. Crystals
were also dissolved in de-ionized distilled
water and analysed quantitatively.
RESULTS
We visited the lake on May 23 and 30,
1971, and made our collections and measure-
ments between 1300 and 1430 hours on
both days. The surface was calm except for
occasional catspaws of capillary waves and
appeared orange in color. Mesothermy
existed on both yisits (Fig. 2). On May 23
the temperature increased from 32.8° C at
the surface to 38.1 ° C at two metres and
decreased to 37.2° C at three metres. The
temperature on May 30 was 31.0° C at the
surface, increased to 40.0° C at one metre
and decreased to 37.0° C at 3.5 metres.
Coinciding with the maximum tempera-
ture at one metre on May 30 was a turbid,
green layer of unidentified bacteria and the
blue-green alga, Synechococcus bacillaris
Butch.' The location of the bacteria in
anoxic, H,S containing lighted water (see
below) suggests they were photosynthetic
sulphur bacteria (PENNING 1967. TRUPER
and GENOVESE 1968). On May 30 the
turbidity expressed in Jackson Turbidity
*This organism was identified by Dr. R. R. L.
Guillard who has two SYlleC"1lOcoccus bacillaris
clones in culture. One clone (48 Syn) is reddish-
orange while the other (Syn) -is blue-green. These
organisms were isolated [rom coastal sea water.
AllacyStiS nidula115 and Agme,,'cllum quadrup!ica-
lum are probably the same drganism.
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Figure 2, Vertical profiles of temperature ("C) on May 23, 1971 (0) and May 3D, 1971 (.).
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U n i t s w a s 4 7 i n t h e s u r f a c e w a t e r . i n c r e a s e d
t o a b o u t 6 0 0 a t o n e m e t r e a n d d e c r e a s e d
t o 6 9 a n d 8 0 i n t h e f a i n t l y o r a n g e w a t e r a t
t w o a n d t h r e e m e t r e s r e s p e c t i v e l y . A v e r y
t u r b i d l a y e r d i d n o t e x i s t o n M a y 2 3 . S e c c h i
d i s c v i s i b i l i t y w a s 0 . 3 3 m e t r e s . T h e o x y g e n
c o n c e n t r a t i o n o n M a y 2 3 w a s 0 . 8 m g ' l i t r e - '
a t t h e s u r f a c e a n d 0 . 0 a t o n e , t w o a n d t h r e e
m e t r e s . U n f o r t u n a t e l y , w e d i d n o t m e a s u r e
o x y g e n o n M a y 3 0 b u t t h e l a r g e a m o u n t o f
H z S a t o n e m e t r e a n d b e l o w i m p l i e s a n o x i a
( T a b l e I ) .
S a m p l e s o f s u r f i c i a l s e d i m e n t s m e l l e d o f
H~S a n d w e r e b r o w n i s h g r e y a n d g r i t t y .
C r y s t a l s o f t h e t r i p l e s a l t , n o r t h u p i t e
( M g C O , ' N a , C O , N a C I ) w e r e c o m m o n i n t h e
s e d i m e n t . W e a l s o f o u n d a f e w t h e n a r d i t e
( N a , S O , ) c r y s t a l s . T a b l e 2 p r e s e n t s a s u m -
m a r y o f t h e X~ray p o w d e r d i f f r a c t i o n s p e c t r a
w e o b t a i n e d f o r e a c h m i n e r a l . D a t a f r o m
e n t r i e s N o . 5 - 0 6 3 1 ( t h e n a r d i t e ) a n d N o . 1 9 -
1 2 1 3 ( n o r t h u p i L e ) o f t h e p o w d e r d i f f r a c t i o n
f i l e ( J O I N T C O M M I T T E E O N P O W D E R
D I F F R A C T I O N S T A N D A R D S 1 9 7 1 ) w e r e
u s e d i n i d e n t i f y i n g t h e s e m i n e r a l s . C h e m i c a l
a n a l y s e s o f t h e c r y s t a l s s u p p o r t e d o u r i d e n t i -
f i c a t i o n s .
T h e c h e m i s t r y o f L a k e M a h e g a w a t e r a t
f o u r d e p t h s i s p r e s e n t e d i n T a b l e J . T h e s e
d a t a i n d i c a t e t h a t i t i s a s u l f a t o - c h l o r i d e
l a k e . T a b l e 3 g i v e s t h e p e r c e n t a g e s o f t h e
d i s s o l v e d s o l i d s r e l a t i v e t o t h e t o t a l d i s -
s o l v e d s o l i d s a t e a c h o f t h e f o u r d e p t h s .
F i g . 3 s h o w s t h e m a j o r a n i o n i c c o m p o s i t i o n
o f t h e c l o s e d b a s i n l a k e s i n t h e K a t w e v o l -
c a n i c f i e l d ( F i g . 1 ) . L a k e M a h e g a w a s 1 2 5 %
m o r e c o n c e n t r a t e d w h e n i t w a s s a m p l e d b y
A R A D a n d M O R T O N ( 1 9 6 9 ) . W a t e r s a m -
p l e s w e r e o n l y c o l l e c t e d o n M a y 2 3 s o w e
d o n o t k n o w i f c h e m i c a l c h a n g e s m : c u r r e d
b e t w e e n s a m p l i n g d a t e s .
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T h e o b s e r v e d c h a n g e s i n t h e r e l a t i v e i o n i c
p r o p o r t i o n s o f t h e l a k e w a t e r b e t w e e n t h e
s u r f a c e a n d t h e b o t t o m i n d i c a t e t h a t m a g n e ·
s i u m a n d s u l p h a t e m a y b e p r e c i p i t a t i n g o u t
o f s o l u t i o n . B e c a u s e n o r t h u p i t e a n d t h e n a r -
d i t e a r e p r e s u m e d t o b e i n a s t a b l e c h e m i c a l
e q u i l i b r i u m w i t h t h e b o t t o m w a t e r , t h e p r e -
c i p i t a t i o n o f t h e s e e v a p o r i t e m i n e r a l s m a y
e x p l a i n t h e i o n i c p r o p o r t i o n s o f m a g n e s i u m
a n d s u l p h a t e . S u l p h a t e r d u c t i o n , h D w e v e r ,
m a y a l s o b e i m p o r t a n t i n t h e r e m o v a l o f
s u l p h a t e .
B e c a u s e s o d i u m b i c a r b o n a t e - c a r b o n a t e
l a k e s p r e d o m i n a t e i n A f r i c a , t h e d o m i n a n c e
b y s u l p h a t e a n d c h l o r i d e i n L a k e M a h e g a
m a k e s i t v e r y u~sual ( K I L H A M 1 9 7 1 b ) .
T h e a n i o n i c c o m p o s i t i o n o f L a k e M a h e g a
i s . h o w e v e r , t h e e x p e c t e d r " - l u l l o f t h e e v a -
p o r a t i v e c u m : e n t r a t i o n o f a c l o s e d b a s i n l a k e
r e c e i v i n g i n f l o w s r i c h i t l m a g n e s i u m a n d
c a l c i u m ( K I L H A M 1 9 7 1 a ) . T o a s s e s s t h e
a m o u n t u f e v a p o r a t i v e c o n c e n t r a t i o n o n e
m u s t k n o w t h e w a t e r b a l a n c e o f t h e l a k e .
T h i s i s u o t k n o w n , b u t j u d g i n g f r o m t h e
t h i c k g r o w t h o f C y p e r u s l a e l ' i g a t u s a n d t h o r n
t h i c k e t o n t h e s h o r e . t h e l a k e l e v e l i s n o t
r i s i n g . B a s e d o n P e n m a n ' s m e t h o d B e a d l e
( L O C K 1 9 6 7 ) r e p o r t e d f o r a l o c a t i o n a b o u t
2 0 k m f r o m t h e l a k e a n a n n u a l p o t e n t i a l
e v a p o r a t i o n o f a b o u t 1 5 0 e m w h i c h w a s
a b o u t d o u b l e t h e r a i n f a l l ( c a . 8 0 c m ) . A l -
t h o u g h t h e m e t h o d u s e d i s n o t c o m p l e t e l y
a p p r o p r i a t e f o r e s t i m a t i n g e v a p o r a t i o n f r o m
a s a l i n e l a k e , i t i s t h e o n l y u n e a v a i l a b l e a n d
c a n b e u s e d t o s u p p o r t t h e i m p o r t a n c e o f
e v a p o r a t i v e c o n c e n t r a t i o n i n d e t e r m i n i n g t h e
c h e m i s t r y o f t h e l a k e .
T h e a c q u i s i t i o n o f s o l u t e s i n t h e l a k e s o f
t h e K a t w e v o l c a n i c f i e l d ( F i g . 1 ) W a s s t u d i e d
b y A R A D a n d M O R T O N ( 1 9 6 9 ) . T h e y
c o n c l u d e d t h a t t h e c h e m i c a l c o m p o s i t i o n s o f
a l l t h e l a k e s e x c e p t K i t a g a t a a n d M u r u m u l i
c o u l d b e e x p l a i n e d i n t e r m s o f t h e evapora~
t i a n o f t h e m i n e r a l s p r i n g w a t e r s e n t e r i n g
t h e l a k e s . L a k e s K i t a g a t a a n d M u r u m u l i
w e r e e x p l i c a b l e i n t h e s a m e w a y o n l y i f i t
w a s a s s u m e d t h a t t h e o r i g i n a l s o u r c e o f s a l t s
p o s s e s s e d a h i g h S O , / O r a t i o .
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T a b l e 3 . P e r c e n t a g e s o f d i s s o l v e d s o l i d s r e l a t i v e t o t h e t o t a l d i s s o l v e d s o l i d s a t e a c h d e p t h
D e p t h
N , +
K +
e l l . + 2 M
g
- t -
2
5
0
4 -
2
C I -
H C O , - +
P 0
4
- J
S i 0 2
F -
( M e t e r s )
C O ] _ 2
0 3 0 . 6 6 . 1 3 0 . 0 0 8 0 . 0 7 0 3 1 . 7 2 6 . 7 4 . 7 4 0 . 0 0 5 0 0 1 5 0 . 0 0 2
1
2 8 . 8
5 . 8 0 0 . 0 0 5 0 . 0 2 ! 3 4 . 1 2 5 . 7 5 . 7 0
0 . 0 0 7
0 . 0 0 5 0 . 0 0 3
2
3 1 . 6 6 . 3 0 0 . 0 0 3 0 . 0 0 4 2 7 . 8 2 7 . 8 6 . 3 8 0 . 0 2 8 0 . 0 0 9 0 . 0 0 7
3 3 1 . I 6 . 4 3
0 . 0 0 3 0 . 0 0 2 2 7 . 9 2 8 . 2 6 . 3 3 0 . 0 3 2 0 . 0 0 9
0 0 0 7
1 4 6
J O H N M E L A C K A N D P E T E R K I T . H A M
T a b l e 2 . S u m m a r y o f X - r a y p o w d e r d i f f r a e t i o n d a t a
o b t a i n e d f o r e a c h m i n e r a l . I n t e n s i t i e s ( [ ) a n d d - s p a c e s
( d ) a r e g i v e n .
T h e n a r d i t e
N o n h u p i t e
d A
I d A
I
4 . 6 5
6 2 8 . 1 2
4 4
3 . 8 3
1 7
4 . 9 8
3 7
3 . 1 8
5 5 4 . 0 7
9
3 . 0 7 5 7
3 . 5 3 3 2
2 . 7 8
1 0 0
3 . 2 4
2 7
2 . 6 4
5 1 2 . 8 8
2 4
2 . 3 3
2 9 2 . 7 3
7 8
2 . 2 t
8
2 . 5 0
1 0 0
1 . 9 2
5 2 . 3 9
2 0
1 . 8 9
5 2 . 2 3
1 3
1 . 8 6
4 2 2 . 1 5
1 2
1 . 8 4
8
2 . 1 2
3 5
1 . 8 0
6 2 . 0 4
1 6
1 . 6 8 1 7
1 . 9 7
1 5
1 . 6 6
1 1
1 . 8 8
8
1 . 6 0
6
I . 7 6 4 4
1 . 5 9
3 1 . 6 6
6
I . 5 5 1 2
1 . 6 3
8
I . 5 1
3
1 . 6 t 2 3
1 . 5 0 6
T h e s o u r c e o f s o l u t e s a c q u i r e d b y I h e
m i n e r a l s p r i n g s a n d s u r f a c e r u n o f f e n t e r i n g
L a k e M a h e g a i s t h e k e y t o u n d e r s t a n d i n g
t h e c h e m i c a l c o m p o s i t i o n o f t h e l a k e . T h e
m o s t l i k e l y s o u r c e s o f t h e s o l u t e s a r e t h e
r e c e n t s u r f i c i a l v o l c a n i c r o c k s a n d t h e u n d e r ·
l y i n g P r e c a m b r i a n r o c k s . W e f a v o u r t h e
h y p o t h e s i s t h a t t h e r u n o f f a n d s p r i n g s f e e d -
i n g L a k e M a h e g a h a v e a c q u i r e d t h e i r s o l u t e s
f r o m t h e w e a t h e r i n g o f t h e v o l c a n i c r o c k s
i n t h e a r e a b e c a u s e t h e e v a p o r a t i v e c o n -
c e n t r a t i o n o f m o s t o f t h e d i l u t e s u r f a c e
w a t e r s o f t h e w e s t e r n R i f t V a l l e y w o u l d
p r o d u c e a l a k e o f s i m i l a r c o m p o s i t i o n . I n
c o m p a r i s o n t o t h e o t h e r l a k e s i n t h e a r e a
L a k e M a h e g a ' s d o m i n a n c e o f s u l f a t e a n d
c h l o r i d e r e s u l t e d f r o m m o r e e v a p o r a t i v e c o n -
c e n t r a t i o n . T h e s u r f a c e w a t e r s o f t h i s r e g i o n
c o n t a i n u n u s u a l l y h i g h p r o p o r t i o n s o f p o t a s -
s i u m a n d m a g n e s i u m b e c a u s e t h e v o l c a n i c
r o c k s t h e y d r a i n c o n t a i n r e l a t i v e l y l a r g e
a m o u n t s o f m i n e r a l s r i c h i n t h e s e e l e m e n t s
( i . e . , l e u c i t e K A H S i O , ) , a n d m a g n e s i u m
o l i v i n e M g , S i O , ) .
N o r t h u p i t e i s n o t a c o m m o n e v a p o r i t e
m i n e r a l b u t i t h a s b e e n r e p o r t e d a s occur~
•
r i n g i n L a k e K a t w e , U g a n d a ( A R A D a n d
M O R T O N 1 9 6 9 ) , B o r a x L a k e , C a l i f o r n i a
( F O R D 1 9 3 2 ) , S e a r l e s L a k e , C a l i f o r n i a a n d
t h e G r e e n R i v e r F o r m a l i o n ( E o c e n e , W y o -
m i n g ) e v a p o r i t e d e p o s i t s ( B R A D L E Y a n d
E U G S T E R 1 9 6 9 ) . I n t h e S e a r l e s L a k e d e -
p o s i t s i t o c c u r s a t o n e l a y e r i n a m i n e r a l
a s s e m b l a g e c o n s i s t i n g o f n o r t h u p i l e , t h e n a r -
d i t e a n d t r o n a ( E U G S T E R a n d S M I T H
1 9 6 5 ) . T h i s a s s e m b l a g e i s n o t c o n s i d e r e d
p r i m a r y ( i . e . , f i r s t f o r m e d a s a p r e c i p i t a t e
o n t h e b o t l o m o f t h e l a k e ) b u t i f i t i s , S e a r l e s
L a k e m a y h a v e o n c e h a d a c o m p o s i t i o n
s i m i l a r t o L a k e M a h e g a .
F e w d a t a o n t h e s t a b i l i t y o f n o r t h u p i t e
e x i s t b u t t h e m i n e r a l h a s b e e n s y n t h e s i z e d
a n u m b e r o f t i m e s ( s e e B R A D L E Y a n d
E U G S T E R 1 9 6 9 ) . T h e c h e m i c a l c o m p o s i -
t i o n o f L a k e M a h e g a w a t e r a s i t c h a n g e s
w i t h d e p t h f a l l s g e n e r a l l y n e a r a n d s o m e -
t i m e s w i t h i n t h e s t a b i l i t y f i e l d o f n o r t h u p i t e
H C O , -
+ C O . - L I _
F i g u r e 3 . M a j o r a n i o l l
U g a n d a . L a k e s a r e n u r r
( 5 ) K i l a g a l a , ( 6 ) M a h e .
f r o m A r a d a n d M o r t o n
a n a n a l y s e s f r o m T a b l e
o b s e r v e d a t 5 0 ' C
W I L S O N a n d C H T
s e e m s r e a s o n a b l y g
f e r e n c e s b e t w e e n t h
c o n d i t i o n s . M o r e d
e l u s i v e l y p r o v e t h a i
p o s i t i o n o c c u r s i n
c h e m i c a l c o m p o s i t i l
t h a t n o r t h u p i t e p f l
T h e t e m p e r a t u r e
M a h e g a w e r e p e e
d e e p e r w a t e r w a s ,
LAKE MAHEGA 147
Rift Valley would
Hac composition. In
er lakes in the area
nee of sulfate and
ore evaporative con-
waters of this region
proportions of potas-
because the volcanic
,tain relatively large
ich in these elements
'3)2 and magnesium
so;
4.
SALINE CRATER LAKES,
KATWE VOLCANIC FIELD,
UGANDA
"h
l common evaporite
n re.lX'rted as Occur-
Jganda (ARAD and
ax Lake, California
Lake, California and
'tion (Eocene, Wyo-
ts (BRADLEY and
he Searles Lake de-
layer in a mineral
f northupite, thenar-
iTER and SMITH
~ is not considered
ed as a precipitate
e) but if it is, Searles
had a composition
a
biJity of northupite
,s been synthesized
e BRADLEY and
chemical composi-
rater as it changes
Iy near and some-
field of northupite
the surface water and because of the exag-
geration of the mesothermy during the week
between visits. The high turbidity (ca. 600
JTUj at depth (ca. I metre) which receives
sunlight (Secchi disc visibility 0.33 metres)
js evidence which favour solar heating as
the cause of the pronounced mesothermy
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observed at 50° C and pCO,=0.25 atm by
WILSON and CH'lU (1934). This agreement
seems reasonably good considering the dif-
ferences between the experimental and field
conditions. More data are needed to con-
clusively prove that primary northupite de-
position occurs in Lake Mahega, but the
chemical composition of the water suggests
that northupite precipitation is possible.
The temperatures we measured in Lake
Mahega were peculiar both because the
deeper water was appreciably warmer than
50%
Figure 3. Major anionic composition of the closed basin surface waters in the Katwe :volcanic field,
Uganda. Lakes are numbered as fallows: (I) Munyanyange, (2) Kikorongo, (3) Nyarnufiuka, (4) MUlUmuli,
(5) Kitagata, (6) Mahega, (7) Bunyampaka (Kasenyi) and (8) Katwe. Solid circles (e) indicate analyses
from Arad and Morton (1969), squares (.) indicate analyses from Kilham (197Jb) and the triangle (6) is
an analyses from Table 1.
HCO,·
+ C03L-----------~-----------~
0.002
0.003
0.007
0.007
F-
J05 0.015
J07 0.005
)28 0.009
132 0.009
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d j l u t e a n d t r a n s p a r e n t s u r f a c e w a t e r a l l o w e d
s o l a r r a d i a t i o n t o r e a c h t h e d e e p e r w a t e r
b u t v e r t i c a l m i x i n g w a s r e t a r d e d b y t h e
i o n i c c o n c e n t r a t i o n g r a d i e n t ( s e e T a b l e I ) .
T u r b u l e n c e w a s a l s o l o w b e c a u s e h i g h c r a t e r
w a l l s a r o u n d t h e s m a l l l a k e s h e l t e r i t f r o m
t h e w i n d .
O u r v i s i t s w e r e a t t h e e n d o f a b o u t t w o
m o n t h s o f r a i n d u r i n g w h i c h r e l a t i v e l y d i l u t e
w a t e r e n t e r e d t h e l a k e . T h e a c c u m u l a t i o n
o f a l a y e r o f t h i s l e s s s a l i n e w a t e r m a y
h a v e p r o d u c e d o r a t l e a s t e x a g g e r a t e d t h e
i o n i c c o n c e n t r a t i 9 n g r a d i e n t t h a t w e m e a -
s u r e d . T h e h i g h e v a p o r a t i o n r a l e d u r i n g t h e
s u b s e q u e n t d r y p e r i o d m a y h a v e b e e n s u f f i -
c i e n t t o d e s t r o y t h e g r a d i e n t a n d a l l o w
m i x i n g . C O L E e f a l . ( 1 9 6 7 ) a n d E C K S T E I N
( 1 9 7 0 ) r e p o r t e d t h i s p r o c e s s f o r s a l i n e p o n d s
l o c a t e d i n A r i z o n a , l J S . A . . a n d r s r a e l r e s p e c -
t i v e l y .
L a k e s w i t h p r o n o u n c e d m e s o t h e r m y o r
i n v e r t e d t e m p e r a t u r e p r o f i l e s c a u s e d b y s o l a r
h e a t i n g a r e n o t c o m m o n a n d u s u a l l y o c c u r
i n a r i d o r s e m i - a r i d r e g i o n s . K A L E C S I N S K Y
( 1 9 0 1 ) w a s t h e f i r s t t o s t u d y s u c h a l a k e .
H e m e a s u r e d a m a x i m u m t e m p e r a t u r e o f
5 6 . 0 ° C a t 1 . 3 2 m e t r e s i n t h e H u n g a r i a n
l a k e , M e d v e S e e . A d d i t i o n a l e x a m p l e s o f
h e l i o t h e r m a l l a k e s h a v e h e e n d e s c r i b e d i n
A n t a r c t i c a ( W I L S O N a n d W E L L M A N
1 9 6 2 , S H I R T C L I F F E 1 9 6 4 ) , t h e A m e r i c a s
( A N D E R S O N 1 9 5 8 , B R A D B U R Y 1 9 7 1 ,
a n d B O Z N I A K e f a [ 1 9 6 9 ) . " l o r t h A f r i c a
( B E A D L E 1 9 4 3 ) . a n d I s r a e l ( E C K S T E I N
1 9 7 0 ) . L a k e M a h e g a i s t h e f i r s t E a s t A f r i c a n
l a k e r e p o r t e d w i t h m e s o t h e r m y c a u s e d b y
t h e a b s o r p t i o n o f s o l a r r a d i a t i o n . O f g r e a t e r
i m p o r t a n c e t h a n i t s n o v e l t y i s t h e d e m o n s t r a -
t i o n t h a t r a p i d s o l a r h e a t i n g o f s t r a t i f i e d
w a t e r c a n o c c u r i n c e r t a i n r e g i o n s o f E a s t
A f r i c a . R e c e n t r e s e a r c h i n I s r a e l h a s s u g -
g e s t e d t h e p o s s i b i l i t y o f u t i l i z i n g t h e h e a l e d
w a t e r i n a r t i f i c i a l l y c o n s t r u c t e d s o l a r p o n d s
f o r p o w e r p r o d u c t i o n o r h e a t i n g p u r p o s e s
( T A B O R a n d M A T Z 1 9 6 5 ) .
S U M M A R Y
L a k e M a h e g a h a d a m e s o t h e r m a l t e m -
p e r a t u r e p r o f i l e i n M a y 1 9 7 1 . O n M a y 3 0
t h e w a t e r t e m p e r a t u r e i n c r e a s e d f r o m 3 1 . 0 °
C a t t h e s u r f a c e t o 4 0 . 0 ' C a t o n e m e t r e
a n d d e c r e a s e d t o 3 7 . 0 ° C a t 3 . 5 m e t r e s .
S o l a r h e a t i n g o f a b l o o m ( c a . 6 0 0 J a c k s o n
T u r b i d i t y U n i t s ) o f b a c t e r i a a n d t h e b l u e -
g r e e n a l g a , S y n e c h o c o c c u s b a d l l a r i s B u t c h .
w h i c h c o i n c i d e d i n d e p t h ( o n e m e t r e ) w i t h
t h e m a x i m u m t e m p e r a t u r e w a s p r o b a b l y t h e
c a u s e o f t h e m e s o t h e r m y .
T h e c o n c e n t r a t i o n o f t o t a l d i s s o l v e d s o l i d s
i n c r e a s e d f r o m 192,60~ m g ' l i t r e - ' a t t h e s u r -
f a c e t o 4 1 5 , 2 0 0 m g ' l i t r e - ' a t t h r e e m e t r e s .
M a g n e s i u m a n d s u l p h a t e d e c r e a s e d i n r e l a -
t i v e i o n i c p r o p o r t i o n b e t w e e n t h e s u r f a c e a n d
b o l t o m a n d w e r e p r o b a b l y p r e c i p i t a t i n g .
B i o l o g i c a l s u l p h a t e r e d u c t i o n a l s o m a y h a v e
o c c u r r e d .
S o d i u m w a s t h e m a j o r c a t i o n . N e a r l y e q u a l
a m o u n t s o f s u l p h a t e a n d c h l o r i d e a c c o u n t e d
f o r a b o u t 9 0 % o f t h e a n i o n i c c o m p o s i t i o n .
T h e i r p r e d o m i n a n c e i s t h e e x p e c t e d r e s u l t
o f t h e e v a p o r a t i v e c o n c e n t r a t i o n o f a c l o s e d
b a s i n l a k e r e c e i v i n g i n f l o w s r i c h i n m a g ·
n e s i u m a n d c a l c i u m .
C r y s t a l s o f t h e t r i p l e s a l t , n o r t h u p i t e
( N a , C O , M g { : O , N a C 1 ) a n d o f t h e n a r d i t e
( N a , S O , ) e x i s t e d m i x e d w i t h t h e s u r f a c e
s e d i m e n t . W e b e l i e v e i t i s p o s s i h l e t h a t p r i -
m a r y n o r t h u p i t e d e p o s i t i o n i s o c c u r r i n g .
L a k e M a h e g a i s b o t h t h e f i r s t s u l f a t o -
c h l o r i d e l a k e a n d t h e f i r s t m a r k e d l y m e s o -
t h e r m i c l a k e r e p o r t e d i n E a s t A f r i c a .
A C K N O W L E D G E M E N T S : W e w i s h t o t h a n k
D r . J o h n O k e d i , D i r e c t o r o f t h e E A F F R O l a b o .
r a t o r y . J i n j a , f o r p r o v ' i d i n g a b a s e f o r o u r A f r i c a n
o p e r a t - i o n s ; M r . M i c h a e l L a B a r b e r a . N . U . T . A . E . .
t h e s t a f l ' o f R u w e n : w r i N a t l i o n J . ! P a r k a n d [ h e
l o B . P . t e a m , L a k e G e o r g e , f o r h e l p i n t h e f i e l d .
D r . R . E . H e c k y , D r . S . S . K i l h a m , M r . S . A
H o l d s h i p . D r . D . A . L i v i n g . ; ; t o n e a n d M i s : ' . S a l l y
M a c I n t y r e m a d e h e l p f u l c o m m e n t s o n t h e m a n u -
~cripL D r s . D . S , H e r o n a n d D . R . P e a e o r k i n d l y
l o a n e d L J ' i lh~ u s e o f t
P e r m i s s i o n [ 0 w o r k . ] 1
l T g a n d a \ \ 3 S g r a n t e d b~
R E F E R E N C E S
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)Osition is occurring.
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j in East Africa.
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